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Spectroscopic evidence obtained by Woo and Cl‘ml’“2

and by Callomon3 indicated that diacetylene has two regions
of sbsorption between 2000 and 3000 A: "high-pressure bands"
(A > 2500 - 2970 A); and "low-pressure bands" (= 2000 & A <
2500 A). The complexity of the "high-pressure bands" and
the inability to resolve the rotational structure led to the
conclugsion that diacetylene was predissociated when it absorbe
radiation greater than 2500 A. Woo and Chu suggested further
that the excited state produced by absorption at wavelengths
éreater than 2500 A might be bent. I wish to report chemical
evidence to support the existence cf a bent excited molecule
of diacetylene when it absorbs radiation at 2537 A,

When diacetylene at pressures from 0.1 to 10 mm
is subjected to 2537 A radiation from a Hanovia Type 688845
low-pressure mercury 1émp2 the only gaseous products observed
are acetylene (CZHZ) and a very small amount of triacetylene
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Experiments using completely deuterated propylene
mixed in various raiios with diacetylene (1:10 to 10:1)
showed by the absence of any CZHD that the acetylene forma-
tion did not occur :hrough the formation of the ethynyl (Czﬂ)
radicel., Additional evidence for the absence of a radical
mechenism in the formation of acetylene is that addition of
nitric oxide does not decraase the acetylene yield., 1In
another paper,a we will show that. at wavelengths below 2500 A,
the formation of zcetylene does occur through the formation of
the C?.H radical, which then abstracts hydrogen from diacetylene
to produce acetylene,

On the basis of the above evidence; we suggest that,
at wavelengths above 2500 A, the zcetylene is formed through
the molecular elimination of C2 rrom the bent excited molecule,
leaving acetylene ags a gaseous product. The sequence can be

visuslized as follows:

/4
H-~-C=sC-~C=¢C~«H+ h{(x = 253:) -~ C ¢ ~CH,+C
1 2 3 4



The actual process of bond breaking and formation must be
extremely complicated and camnot be specified with the
available data.® It would be of interest to determine the
molecular orbitals and symmetry of this excited state.

The formation of .triacetylene (C6H2) gives additional
evidence for the formation of CZ' One can postulate an
inseriticn reaction by CZ into the C-H band in a manner similar
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to the methylene radical, iz.,

Y

CZ +E-C=C~C=C~-H =~ C6H2

Purther evidence for the bent excited state was
obtained when mixtures of diacetylene and propylene (at
ratios ranging from 1:1 to 1:10, respectively, at total pres-
sures less than 2 mm) were irradiated with 2537 A mercury
radiation and produced toluene. The samples were irradiated
for 1 hr, and the gas-phase products were analyzed by a
Bendix time-of-flight mass spectrometer. A similar reaction
occurred when a l:1 mixture of diacetylene and butene-1 was

irradiated. In this case, the formation of ethylbenzene was
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* The possibility of C2H2 formation by hydrogen atom migration
with subsequent elimination of carbom to form C) could be
checked by photolysis of isotoplc diacetylene, viz.,

1 >
H-c-co.c¢¥.¢c-g1 .
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'’ observed. The formation of toluene and ethylbenzene
involving the bent excited diacetylene molecule can be
visualized as follows:
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In both cases, a breaking and formation of new bonds with
hydrogen atom transfer is required. The reaction between
butene-2 and diacetylene yielded xylene. We were not, how-
ever, able to determine, mass spectrcmetrically, whether we
formed o, m, or p~xylene and obtain information about the

methyl and/or hydrogen wmigration. Based on the number of



photons absorbed by diacetylene, the quantum yield for
formation of these aromatic molecules are all on the order
of 10-3 for 1:1 mixtures.

Table I lists the mole percent of products formed
relative to the moles of diacetylene reacted for a 1:1

mixture of diacetylene and propylene.

TABLE I

Mole % Formed

Product Formed From Reacted Diacetylene
C7H8 (toluene) 3
c 6HZ (triacetylene) 2
CZHZ (acetylene) 20

Polymer Formed 75
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